A pink-pigmented, Gram-stain-negative, rod-shaped, non-spore-forming bacterial strain, PP-F2F-G21 T , was isolated from the phyllosphere of Galium album. Phylogenetic analysis of the nearly full-length 16S rRNA gene sequence of strain PP-F2F-G21 T showed the closest relationship to type strains of the species Mucilaginibacter lutimaris (97.7 %), Mucilaginibacter soli (97.3 %) and Mucilaginibacter rigui (97.1 %). Sequence similarities to all other type strains were below 97 %. The predominant cellular fatty acids of strain PP-F2F-G21 T are C 16 : 1 !7c/iso-C 15 : 0 2-OH (measured as summed feature 3 fatty acids) and iso-C 15 : 0 followed by iso-C 17 : 0 3-OH, C 16 : 1 !5c and C 16 : 0 . The major compound in the polyamine pattern was sym-homospermidine and the diamino acid of the peptidoglycan was meso-diaminopimelic acid. The quinone system was exclusively composed of menaquinone MK-7. The polar lipid profile contained the major lipid phosphatidylethanolamine and in addition 18 unidentified lipids. Based on phylogenetic, chemotaxonomic and phenotypic analyses, we propose a novel species of the genus Mucilaginibacter named Mucilaginibacter phyllosphaerae sp. nov. The type strain is PP-F2F-G21 T (=CCM 8625 T =CIP 110921 T =LMG 29118 T ).
(Mucilaginibacter composti, Cui et al., 2011) , dried rice straw (Mucilaginibacter daejeonensis, An et al., 2009) , wastewater treatment facility (Mucilaginibacter defluvii, Hwang et al., 2014) , wetland (Mucilaginibacter flavus, Joung et al., 2014b) , rotten wood (Mucilaginibacter jinjuensis, Khan et al., 2013a ; Mucilaginibacter gynuensis, Khan et al., 2013b) , leaf mould (Mucilaginibacter koreensis, Park et al., 2014) , marine sand (Mucilaginibacter litoreus, Yoon et al., 2012;  Mucilaginibacter sabulilitoris, Kang et al., 2013) , tidal flat sediment (Mucilaginibacter lutimaris, Kim et al., 2012b) , lichen (Mucilaginibacter lappiensis, M€ annistö et al., 2010) , a lake (Mucilaginibacter myungsuensis, Joung & Joh, 2011; Mucilaginibacter soyangensis, Joung et al., 2014a) , wood from a mixed grove of pines trees (Mucilaginibacter pineti, Paiva et al., 2014) , moss (Mucilaginibacter polytrichastri, Chen et al., 2014) , a volcanic forest (Mucilaginibacter vulcanisilvae, Baek & Ok Jeon, 2015) , Sphagnum peat bog [Mucilaginibacter paludis (type species) and Mucilaginibacter gracilis, Pankratov et al., 2007] , and internal tissue of healthy corn stem (Mucilaginibacter auburnensis, K€ ampfer et al., 2014) .
Strain PP-F2F-G21 T was isolated from a pool of leaves collected from Galium album at the Environmental Monitoring and Climate Impact Research Station Linden of the Justus-Liebig University Giessen (50 32¢ N 8 41.3¢ E) in Linden-Leihgestern near Giessen, Germany. Leaves were collected on 15 April 2014, stored at 6 C after sampling, and processed on the same day. Bacteria were detached from 0.5 g leaves in the presence of 10 ml autoclaved potassium phosphate buffer (6.75 g KH 2 PO 4 and 8.75 g K 2 HPO 4 per litre, in pure water) by mechanical treatment for 120 s in a Stomacher 80 Biomaster (Seward Laboratory Systems) running at normal speed. A serial dilution of the detached bacteria in 0.2 % (w/v) autoclaved NaCl (up to 10 À4 ) was plated in triplicate (each 100 µl) on half-concentrated R2A agar [R2A broth (Lab M) with 14 g l -1 agar (Roth)] supplemented with 0.22 µm-filter-sterilized cycloheximide (final concentration: 200 mg l À1 ; AppliChem) and incubated under aerobic conditions for 7 days at 25 C in the dark. Strain PP-F2F-G21 T was isolated from the 10 À3 dilution. The original colony was pink-pigmented and had a diameter of 5 mm. The strain was purified by streaking on ½ R2A at 25 C. For sub-cultivation and maintenance, the strain was grown on R2A agar at 25 C and showed good growth after 48 h. For long-term maintenance, a loop of fresh biomass from cultures grown on ½ R2A agar were suspended in sterile Gibco newborn calf serum (NBCS; ThermoFisher Scientific) and stored at À20 C or À80 C.
For phylogenetic identification, the nearly full-length 16S rRNA gene of strain PP-F2F-G21 T was PCR-amplified and sequenced by the Sanger method as described in detail previously (Schauss et al., 2015) . The final corrected 16S rRNA gene fragment of strain PP-F2F-G21 T was a continuous stretch of 1435 nucleotides spanning gene termini 49 to 1504 (according to the Escherichia coli rrnB numbering; Brosius et al., 1978) . EzTaxon BLAST analyses (Kim et al., 2012c) showed that strain PP-F2F-G21 T shared 97.7 % 16S rRNA gene sequence similarity with Mucilaginibacter lutimaris BR-3 T (GenBank accession no. HQ455786), 97.3 % with Mucilaginibacter soli R9-65 T (JF701183) and 97.1 % with Mucilaginibacter rigui WPCB133 T (EU747841). Sequence similarities to all other type strains were below 97.0 %. All 16S rRNA gene sequence similarities were below the proposed threshold of 98.65 % to differentiate two species (Kim et al., 2014) . Detailed phylogenetic analyses were performed in ARB release 5.2 (Ludwig et al., 2004) and release LTPs119 (November 2014) using the 'All species living tree project' database (LTPs; Yarza et al., 2008) . Sequences not included in the database were aligned with the SILVA Incremental Aligner (SINA, v1.2.11; Pruesse et al., 2012) and added to the database. All type strains of members of the genus Mucilaginibacter as well as type species of next closest related genera were included in the analysis. Pairwise sequence similarities were calculated without an evolutionary model using the ARB Neighbour-Joining tool. Three phylogenetic trees were reconstructed: a maximum-likelihood tree calculated with RAxML version 7.04 (Stamatakis, 2006) using GTR-GAMMA and rapid bootstrap analysis; a maximum-parsimony tree using DNAPARS v 3.6 (Felsenstein, 2005); and a neighbour-joining tree with ARB Neighbour-Joining using the Jukes-Cantor correction (Jukes & Cantor, 1969) . All phylogenetic trees were based on 16S rRNA gene sequences between gene termini 125 and 1385 nucleotides (according to the E. coli rrnB numbering; Brosius et al., 1978) and 100 resamplings (bootstap analysis; Felsenstein, 1985) .
Phylogenetic analysis clearly indicated the placement of strain PP-F2F-G21 T within the genus Mucilaginibacter (Fig. 1 ). The clustering of strain PP-F2F-G21 T to other species of the genus Mucilaginibacter was not supported by high bootstrap values but was conserved among trees generated with different treeing methods. In general, strain PP-F2F-G21 T formed a cluster with type strains of M. lutimaris, M. rigui, M. litoreus, M. koreensis, M. ginsengisoli, M. soli and M. carri.
Phenotypic characterization of strain PP-F2F-G21 T was performed with cultures grown on R2A agar at 25 C for 3 days. Mucilaginibacter auburnensis LMG 28078 T , which was also isolated from a plant, and the type species M. paludis VKM B-2446 T were investigated in parallel to strain PP-F2F-G21 T under the same cultivation conditions and on the same media. Gram-staining was performed by the modified Hucker method according to Gerhardt et al. (1994) . Light microscopy at Â1000 magnification with a Leica DFC 3000G microscope and glass slides covered with three times washed (each time 20 min in pure water) and autoclaved 2 % (w/v) agar (Becton Dickinson) were used to determine the cell morphology. The LAS X (Leica) software was used for cell size measurements. The presence of capsules based on EPS production was determined by contrasting a bacterial suspension with china ink; M. paludis VKM B-2446 T was used as positive control. Activity of cytochrome oxidase was tested with Microbiology Bactident oxidase test strips (Merck), and catalase activity by observation of gas bubble formation after dropping 3 % H 2 O 2 (v/v) onto a fresh culture grown on R2A agar. The production of flexirubin-type pigments was tested with the KOH method according to Reichenbach (1992) . Degradation of substrates was analysed with modified Bennet agar (1 g meat extract, 1 g yeast extract, 2 g casein-peptone, 10 g glycerine, and 15 g agar per litre, pH 7.3; Jones, 1949) supplemented with 0.4% adenine, 1% casein, 0.5% tyrosine, 1% starch, and xanthin, hypoxanthin, xylan, gelantine and glucose (all 0.4%) (all w/v). Hydrolysis of Tween compounds (Tween 20, 40, 60, and 80) were investigated with Tween agar (10 g peptone, 5 g sodium chloride, 0.1 g calcium chloride and 15 g agar per litre, pH 7.0-7.4, and after autoclaving, 10 ml autoclaved Tween compound was added per litre; Sierra, 1957) . Mucilaginibacter dorajii DR-f4 T (GU139697) 'Mucilaginibacter ginsenosidivorax' KHI 28 T (HM204914)
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Mucilaginibacter litoreus BR-18 T ( Determination of clearing zones around and under the colonies after 3 to 5 days of dark incubation at 25 C indicate substrate degradation. For starch degradation, iodine solution (Lugol's solution), and for gelatin degradation, 2 % (w/ v) tannin solution, was spread over the colonies on the agar plate to determine the development of a clearing zone. For media and temperature tests fresh biomass was suspended in 0.2 % (w/v) NaCl (McFarland 0.5) and serially diluted up to 10 4 ; 5 µl of each dilution were spotted per agar plate and growth was monitored after incubation for 3 days. Growth on different media was tested using R2A (Oxoid), nutrient broth ( , 8, 15, 21, 25, 28, 30, 37, 45, 50 and 55 C. Salinity-dependent growth was determined at 25 C in R2A broth supplemented with 0.1 to 11 % (w/v) NaCl (in 0.2 % intervals for 0.1 to 2 % NaCl, and in 1 % intervals for 2 to 11 % NaCl). R2A broth adjusted to pH 4 to 10 (in 0.5 pH unit intervals) with 1 M HCl and 1 M KOH was used for testing pH-dependent growth. The pH was stabilized by the addition of 5 mM phosphate buffer (for pH 4-7.5) and 5 mM Tris-HCl buffer (for pH 8-10) adjusted to the same pH values. Salinity-and pH-dependent growth was monitored in 96-well microtitre plates with a final volume of 200 µl.
Further physiological properties were tested using the API 20 NE, API ZYM and API 50 CH test strips (bioM erieux) as described by the manufacturer's instructions. Bacterial biomass for the API 20 NE and API ZYM tests was suspended in 0.2 % (w/v) autoclaved NaCl to a McFarland standard value of 0.5 and 6.0, respectively. For the test of acid production with API 50 CH, a loop of fresh biomass was suspended in pure water to McFarland 4 and added to API 50 CHB/E medium for inoculation of the test panels. The API test strips were analysed after incubation for 3 and 7 days at 25 C, except nitrate reduction and indole production (API 20 NE) which were analysed after 48 h. For investigation of further phenotypic characteristics, the physiological test panel according to K€ ampfer et al. (1991) was performed to analyse acid production, carbon substrate assimilation, and enzyme activity. Biomass of strain PP-F2F-G21 T was suspended in 0.2 % NaCl to a McFarland value of 0.5 for the inoculation of the panel. Results were monitored after growth for 2, 7 and 14 days at 25 C.
Cells of PP-F2F-G21 T were rod-shaped with a size of 1.3 (±0.2) µm x 0.7 (±0.04) µm (Fig. S1 , available in the online Supplementary Material) and produce large amount of EPS similar to the type strain of M. paludis. Cells grow well between 15 C and 30 C, in the presence of 0-1.8 % (w/v) NaCl, and at pH 5 to 8.5, similar to type strains of other species of the genus Mucilaginibacter (Table 1) .
Strain PP-F2F-G21 T grew well on R2A, nutrient, PYE, K7 and LB agarslightly on TSA, CASO, M65 and Columbia agar with sheep blood, but not on Malt, DEV, McConkey and marine agar. In contrast to the novel strain, M. paludis VKM B-2446 T showed only slight growth on LB and no growth on TS, CASO and M65 agar, and M. auburnensis LMG 28078 T showed good growth on CASO and DEV agar. Cells of PP-F2F-G21 T were positive for cytochrome oxidase activity, but negative for catalase activity and flexirubin-type pigments. Strain PP-F2F-G21 T hydrolysed only Tween 60 as well as M. paludis VKM B-2446 T ; M. auburnensis LMG 28078 T was negative for the hydrolysis of any Tween compounds. All differentiating physiological characteristic of the novel strain compared to type strains of other species of the genus Mucilaginibacter are listed in Table 1 .
Biomass for fatty acid analysis was grown on R2A for 3 days at 25 C. Cells were harvested at the late exponential growth phase. Fatty acid extraction and analysis was performed according to K€ ampfer & Kroppenstedt (1996) separating fatty acids with a 5898A gas chromatograph (Hewlett Packard). The Sherlock Microbial Identification System (MIDI) version 2.1 (TSBA version 4.1) was used for fatty acid identification from automatically integrated peaks. Major cellular fatty acids of strain PP-F2F-G21 T were summed feature 3 (comprising C 16 : 1 !7c and/or iso-C 15 : 0 2-OH; 37.6 %) and iso-C 15 : 0 (33.4 %), followed by iso-C 17 : 0 3-OH (9.47 %), C 16 : 1 !5c (8.5 %) and C 16 : 0 (7.9 %) as characteristic for the genus Mucilaginibacter. Fatty acid profiles of the novel strain and the closest related type strains are listed in Table 2 .
Biomass subjected to analyses of polyamines, diamino acid of the peptidoglycan, quinones and polar lipids was grown on PYE broth [0.3 % peptone from casein (w/v), 0.3 % yeast extract (w/v), pH 7.2]. Polyamines were extracted from biomass harvested at the late exponential growth phase (Busse & Auling, 1988) and analysed applying conditions reported by Busse et al. (1997) . Quinones and polar lipids were extracted and analysed by the integrated procedure reported by Tindall (1990a, b) and Altenburger et al. (1996) . HPLC equipment used to analyse polyamines and quinones was reported recently (Stolz et al., 2007) . The presence of mesodiaminopimelic acid in the peptidoglycan was determined according to Schumann (2011) . The polyamine pattern contained the major compound sym-homospermidine [43.3 µmol (g dry weight) À1 ] and minor amounts of spermidine [1.2 µmol (g dry weight) À1 , spermine [0.3 µmol (g dry weight) À1 ] and traces of putrescine and cadaverine [each 0.1 µmol (g dry weight) À1 ]. This polyamine pattern is highly similar to that of Mucilaginibacter auburnensis. In the quinone system, menaquinone MK-7 could be detected exclusively, which is in line with the emended description of the genus Mucilaginibacter (Baik et al., 2010) . In the polar lipid profile, 19 lipids were detected (Fig. 2) (Kim et al., 2016) ; 4, Mucilaginibacter soli CCTCC AB 2010331 T (Jiang et al., 2012) ; 5, Mucilaginibacter auburnensis LMG 28078 T (this study); 6, Mucilaginibacter paludis VKM B-2446 T (type species of genus; this study). All strains were grown on R2A agar for 2 to 4 days. The characterization with the API test systems were done for all strains under exactly the same conditions. All strains were positive for alkaline phosphatase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, b-galactosidase, N-acetyl-b-glucosaminidase and aesculin hydrolysis. All strains were negative for flexirubin-type pigments, lipase (C14), trypsin, a-chymotrypsin, a-fucosidase, indole production, arginine dihydrolase, and acid production from capric acid, adipic acid, phenylacetic acid, D-adonitol, L-sorbose, L-rhamnose, dulcitol, inositol, D-sorbitol, xylitol, D-arabitol, L-arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate. +, Positive: À, negative; W, weakly positive; NA, data not available.
Characteristic 1 2 3 4 5 6
Growth ranges Temperature ( C) 4-37 4-37 4-37 4-32 4-37 4-37 NaCl tolerance (%, w/v) 0-2 0-1 0-1 0-1 0-3 0-2 pH 5-9 5-10 4.5-9 5-9 4.5-9 4. 
Additionally, moderate to minor amounts of seven unidentified polar lipids were found (L1-7), which could be only detected after total lipid staining, two unidentified glycolipids (GL1-2), three unidentified aminophospholipids (APL1-3), four unidentified aminolipids (AL1-4), one unidentified aminoglycolipid, (AGL1) and one unidentified phospholipid (PL1). This polar lipid profile is significantly more complex than those of the close relatives M. ginsengisoli (Ahn et al., 2015) , M. lutimaris and M. rigui (Kim et al., 2012c) but lipids corresponding to PE, PL1, L5 and APL3 were also reported to be present in these three species.
Based on phylogenetic, phenotypic and chemotaxonomic data, strain PP-F2F-G21 T represents a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter phyllosphaerae sp. nov. is proposed Description of Mucilaginibacter phyllosphaerae sp. nov.
Mucilaginibacter phyllosphaerae (phyl.lo.sphae¢rae. Gr. neut. n. phyllon leaf; L. fem. n. sphaera ball, sphere; N.L. n. phyllosphaera phyllosphere; N. L. gen. n. phyllosphaerae of the phyllosphere).
The species shares all characteristics of the genus as described by Pankratov et al. (2007) , Urai et al. (2008) and Baik et al. (2010) . Cells are Gram-stain-negative, nonmotile and rod-shaped with a cell size of 1.3 (±0.2) Â 0.7 (±0.04) µm. After 3 days on R2A at 25 C, colonies are circular, shiny, convex, slimy and pink-pigmented and produce large amounts of EPS. Positive for cytochrome oxidase and negative for catalase and flexirubin production. Good growth occurred at 25 C after incubation for 3 days on R2A, nutrient, PYE, K7, and LB agar, slight growth on TSA, CASO, M65 and Columbia agar with sheep blood, no growth on Malt, DEV, MacConkey and marine agar. Optimal growth on R2A occurs between 15 C and 30 C, slightly less growth at 37 C, 8 C and 4 C, and no growth at 45 C and above (Fig. S2 ). Good growth occurs without NaCl and in the presence of 0.1-1 % (w/v) NaCl, slightly less with 2 % (w/v) NaCl. Growth occurs at pH 5 to 7.5, slightly less at pH 8 and 8.5, and even less at pH 9, but not at pH 10 and under pH 5. Positive for the hydrolysis of Tween 60, but negative for hydrolysis of Tweens 20, 40 and 80, gelatin, adenine, casein, tyrosine, xylan, xanthine, hypoxanthine, glucose and starch after incubation for 3 days. Positive for hydrolysis of aesculin, b-galactosidase, and assimilation of glucose, L-arabinose, maltose and D-mannose, weakly positive for assimilation of N-acetylglucosamine and potassium 
gluconate, but negative for reduction of nitrate to nitrite, indole production, glucose fermentation, arginine dihydrolase, urease, hydrolysis of gelatin, D-mannitol, assimilation of capric acid, adipic acid, trisodium citrate and phenylacetic acid (API 20 NE). Positive for enzyme activity of alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and N-acetyl-bglucosaminidase, weakly positive for enzyme activity of cystine arylamidase and a-mannosidase, but negative for activities of esterase (C4), esterase lipase (C8), lipase (C14), trypsin, a-chymotrypsin, b-glucuronidase, b-glucosidase and a-fucosidase (API ZYM). Positive for acid production from D-arabinose, D-glucose, D-mannose, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, N-acetylglucosamine, amygdalin, aesculin ferric citrate, salicin, cellobiose, melibiose, sucrose, trehalose, inulin, D-melezitose, raffinose, starch and turanose, weakly positive for acid production from L-arabinose, D-xylose, D-fructose, arbutin, maltose, lactose (bovine origin), gentiobiose, D-lyxose and L-fucose, but negative for acid production from glycerol, erythritol, D-ribose, L-xylose, D-adonitol, methyl b-D-xylopyranoside, D-galactose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, glycogen, xylitol, D-tagatose, D-frucose, D-arabitol, L-arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate (API 50 CH). Acid is produced from D-glucose, D-lactose and sucrose, L-arabinose, raffinose, D-xylose, methyl D-glucoside pyranoside (weakly), D-mannose and aesculin, but not from D-mannitol, dulcitol, D-salicin, adonitol, inositol, D-sorbite, L-rahmnose, maltose, trehalose, cellobiose, erythritol, melibiose and D-arabitol. Utilizes L-arabinose, cellobiose, D-fructose (weakly), D-galactose, D-glucose, maltose, D-mannose, melibiose, L-rhamnose (weakly), D-ribose, sucrose, D-salicin, trehalose, D-xylose, maltitol, L-aspartate (weakly) and L-proline as sole carbon sources, but N-acetylgalactosamine, N-acetylglucosamine, arbutin, D-gluconate, adonitol, inositol, D-mannitol, D-sorbitol, *Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 3 consists of C 16 : 1 !7c and/or iso-C 15 : 0 2-OH. b-D-xylopyranoside, bis-pNP-phosphate, pNP-phosphorylcholine, L-alanine-pNA, L-glutamate-g-Carboxy.pNA and L-proline-pNA are hydrolysed, but pNP-b-D-glucuronoside and pNP-phosphate-disodium salt are not hydrolysed (panel according to K€ ampfer et al., 1991) . Major fatty acids are summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) and iso-C 15 : 0 followed by iso-C 17 : 0 3-OH, C 16 : 1 !5c and C 16 : 0 . The diagnostic diamino acid of the peptidoglycan is meso-diaminopimelic acid. In the polyamine pattern symhomospermidine is predominant. The quinone system is menaquinone MK-7. The polar lipid profile is composed of the major compound PE and moderate to minor amounts of seven unidentified polar lipids which could be only detected after total lipid staining, two unidentified glycolipids, three unidentified aminophospholipids, four unidentified aminolipids, one unidentified aminoglycolipid and one unidentified phospholipid.
The type strain PP-F2F-G21 T (=CCM 8625 T =CIP 110921 T =LMG 29118 T ) was isolated from leave samples of Galium album. 
